(19) 



1*1 



Canadian 

Intellectual Property 
Office 

An Agency of 
Industry Canada 



Office de la Propri,t, 

Intellectuelle 

du Canada 

Un organisme 
d'lndustrie Canada 



(n) CA2 085 255 < 13 > C 



(40) 26.12.1991 
(43) 26.12.1991 
(45) 



(12) 

(21 ) 2 085 255 

(22) 14.06.1991 



(51) Int. CI. 5 



A61K 9/70, A61F 13/00, 
A61M 35/00, A61M 37/00 



(85) 11.12.1992 

(86) PCT/US9 1/04095 

(87) WO91/19470 



(30) 


539,990 US 14.06.1990 




Yamamoto, Ronald (US). 


(72) 




(74) 






Bootman, Matthew (US). 




SMART & BIGGAR 


(54) 


MELANGE POLYURETHANE-BIOPOLYMERE 






(54) 


POLYURETHANE-BIOPOLYMER COMPOSITE 







(57) 

22 A method is provided for preparing a drug delivery 
material and device Comprising cross-linking a 
biological polymer with 2 a cross-linking agent and 
loading the cross-linked biopolymer with a bioactive 
2 went. Preferred embodiments are disclosed wher- 2 ein 
the drug delivery material is used in a catheter 
securing, drug delivery 2 device, in a wound dressing, 
and in a wound dressing 2 for percutaneous catheters. 2 




1*1 



Office de la Propriete 

Intellectuelle 

du Canada 

Un organisme 
d'lndustrie Canada 



Canadian 

Intellectual Property 
Office 

An agency of 
Industry Canada 



CA 2085255 C 2001/10/09 

(11)(21) 2 085 255 

d2) BREVET CANADIEN 
CANADIAN PATENT 

(13) C 



(86) Date de depot PCT/PCT Filing Date: 1991/06/14 

(87) Date publication PCT/PCT Publication Date: 1991/12/26 
(45) Date de delivrance/lssue Date: 2001/10/09 

(85) Entree phase nationale/National Entry: 1992/12/11 

(86) N° demande PCT/PCT Application No.: US 91/04095 

(87) N° publication PCT/PCT Publication No.: WO 91/19470 
(30) Priorite/Priority: 1990/06/14 (539,990) US 



(5l)Cl.lnt. 5 /lnt.CI. 5 A61K9/70, A61M 37/00, A61 M 35/00 p 
A61F 13/00 

(72) Inventeurs/lnventors: 
Yamamato, Ronald, US; 
Boatman, Matthew, US 

(73) Propri eta ire/Owner: 

INTEGRA LIFESCIENCES CORPORATION, US 

(74) Agent: SMART & BIGGAR 



(54) Titre : MELANGE POLYURETHANE-BIOPOLYMERE 
(54) Title: POLYURETHANE-BIOPOLYMER COMPOSITE 




(57) Abrege/Abstract: 

A method is provided for preparing a drug delivery material and device comprising cross-linking a biological polymer with a cross- 
linking agent and loading the cross-linked biopolymer with a bioactive agent. Preferred embodiments are disclosed wherein the 
drug delivery material is used in a catheter securing, drug delivery device, in a wound dressing, and in a wound dressing for 
percutaneous catheters. 



http://opJc.gaca • Ottawa-Hull K1A 0C9 • http://cipo.gc.ca 

OFIC-CIPO 191 



O PI C 




C I P o 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

A61F 13/00 2CS5255 



Al 



(11) International Publication Number: WO 91/19470 

(43) International Publication Date: 26 December 1991 (26.12.91) 



(21) International Application Number: PCT/US9 1/04095 

(22) International Filing Date: 14 June 1991 (14.06.91) 



(30) Priority data : 
539,990 



14 June 1990 (14.06.90) 



US 



(71) Applicant: VITAPHORE CORPORATION [US/US]; 
1505 O'Brien Drive. Menlo Park, CA 94025 (US). 

! (72) Inventors: BOOTMAN, Matthew ; 2536 Hamoton Avenue, 
f Redwood Citv, CA 94061 (US). YAM A MO TO, Ronald ; 



484 1 5lh Avenue. Atherton. CA 94025 (US). 



(81) Designated States: AT (European patent), BE (European 
patent), CA, CH (European patent), DE (European pa- 
tent), DK (European patent), ES (European patent), FR 
(European patent), GB (European patent), GR (Euro- 
pean patent), IT (European patent), JP, LU (European 
patent), NL (European patent), SE (European patent). 



Published 

Wuh international search report. 



(74) Agents: K.ENNEY, J.. Ernest; Bacon Sc Taomas, 625 Sla- 
ters Lane, 4th Floor. Alexandria. YA 223 U {US) ei al. 



(54) Ti tie: POLYURETHANE-BIOPOLYMER COMPOSITE 



(57) Abstract 

A method is provided for preparing a drug delivery material and device comprising cross-linking a biological polymer with 
a cross-linking agent and loading the cross- linked biopolymer with a bioactive agent. Preferred embodiments are disclosed wher- 
ein the drug delivery material is used in a catheter securing, drug delivery device, in a wound dressing, and in a wound dressing 
for percutaneous catheters. 



WO 91/19470 ^ PCT/US 9 1/04095 

20 8 5 2 5 5 



-1- 



POLYURETHANE - BIOPOLYMER COMPOSITE 

The present invention is related to a polymeric 
delivery vehicle for delivery of bioactive agents, 
and in particular, for the delivery of antimicrobial 
5 agents- The invention is also directed to a 
catheter-securing and drug delivery device 
comprising, as a component thereof, a material which 
delivers antimicrobial and/or other wound-healing 
factors at the site of the insertion of the catheter 
10 into the body. 

BACKGROUND OF THE INVENTION 

Techniques have been developed for administering 
pharmaceuticals through the skin by absorption. Such 
techniques are accomplished by devices which 

15 typically comprise either a pharmaceutical-containing 
reservoir enclosed by a synthetic membrane through 
which the pharmaceutical can diffuse at a controlled 
rate, or a dispersion of a pharmaceutical in a 
synthetic polymer matrix in which the pharmaceutical 

2 0 can diffuse at a controlled rate. While such 

delivery devices work for some pharmaceuticals, the 
rate of release of other pharmaceuticals is not 
adequate through synthetic polymers. Either the rate & 
of delivery is too slow to provide an effective 

25 dosage given the area of the delivery surface, or in 
some cases, where prolonged delivery of the drug is 
desired, delivery is too fast so that the device must 
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be replaced within a short period of time. One 
situation in which it is desirable to have a drug 
delivered over a prolonged period of time without 
removal of the delivery device is the case of 
5 delivery of drugs at a wound site around a 
percutaneous medical device* 

Moreover, it is desirable, particularly when dealing 
with delivery of bioactive agents which are natural 
products, such as growth factors, that the polymeric 

10 matrix from which the drug is delivered be tailored 
for optimal drug delivery rate. It is difficult to 
do this when the drug to be delivered is a biological 
macromolecule, such as an enzyme or surface receptor, 
since specialized binding functionalities with proper 

15 charge density, orientation, hydrophobic domains, 
etc. are not readily synthesized into synthetic 
polymers to release the biological macromolecule at a 
desired controlled rate. 

It is thus an object of the present invention to 
2 0 provide a polymeric delivery vehicle for controlled 
release of bioactive agents, particularly biological 
macromolecules, which is formed of a foam composite 
of a biopolymer and a synthetic polymer* 

It is another object of the present invention to 
25 provide drug delivery devices, particularly wound 
dressings, containing such polymeric delivery 
vehicles for controlled release of antimicrobial 
and/ or wound-healing agents to aid in the wound 
healing process. 

30 It is another object of the present invention to 

provide a catheter-securing and drug delivery device 
which is easily used which contains a pad comprising 
a biopolymer which serves as a delivery vehicle for 
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controlled release of a bioactive agent to the 
catheter wound site. 



These and other objects of the invention will be 
apparent from the following description and appended 
5 claims, and from practice of the invention. 



SUMMARY OF TH E INVENTION 

The present invention provides a method for preparing 
a polymeric delivery vehicle for controlled release 
of a bioactive agent. The method comprises the steps 

10 of cross-linking a biopolymer which contains 

chemically reactive conf unctionalities which react 
with a cross-linking reagent, where the cross-linking 
reagent is a polyurethane or polyurethane urea having 
isocyanate side groups and/or end groups, to form a 

15 cross-linked biopolymer having an effective affinity 
for the bioactive agent; optionally, forming the 
cross-linked biopolymer into a desired shape; then 
contacting the cross-linked biopolymer with a 
bioactive agent to reversibly bind the bioactive 

20 agent to the biopolymer to form the polymeric 

delivery vehicle. Alternatively, the bioactive agent 
is bound to the biopolymer before treatment with the 
cross-linking agent. By effective binding affinity 
it is meant that the bioactive agent can be bound 

25 (noncovalently) to sites in the biopolymer; then, 
when in use in contact with skin and/ or bodily 
fluids, or other fluids, a substantial amount of the 
bioactive agent will be released from the biopolymer, 
with release continuing for an extended period of 

3 0 time. 



in a preferred embodiment of the present invention, 
the polymeric delivery vehicle is used in a catheter- 
securing and drug delivery device. The device 
comprises an elastomeric pad having a radial slit 
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extending from the edge of the pad to a central point 
proximate to the center of the pad. The pad 
comprises a cross-linked biopolymer and a bioactive 
reagent reversibly bound thereto, wherein the 
5 bioactive reagent is releasable from the cross-linked 
biopolymer in a controlled manner to a wound or to 
the skin. The device further comprises a reinforced, 
flexible, water vapor permeable membrane adhesively 
attached to the pad which extends beyond the edge of 

10 the pad on all sides thereof, thereby forming a 

flange surrounding the pad. At least the edges of 
the exposed bottom surface of the membrane is coated 
with an adhesive material for affixing the device to 
the skin. The membrane has another radial slit 

15 extending from the edge of the membrane, through the 
membrane toward the central point of the pad, which 
is colinearally aligned with the slit in the pad. 
Finally, the device optionally comprises a 
reinforced, flexible, water vapor permeable tab 

2 0 affixed to the upper surface of the membrane and 

located proximate to one side of the pad wherein one 
surface of the tab is adhesively coated and the tab 
has dimensions sufficient to cover the pad when the 
tab is folded for adhesive attachment to the upper 
25 surface of the pad* 

In another preferred embodiment the polymeric 
delivery vehicle in the form of an elastomeric pad is 
used as a wound dressing. The pad may be secured 
upon a wound by an adhesive water-vapor film over the 

3 0 pad which adheres to the skin area surrounding the 

wound . 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a graph of the weight of chlorhexidene 
gluconate released versus time from two types of 
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polyur ethane-modified biopolymers and from a 
polyurethane control polymer. 

Figure 2 is a graph of drug loading (silver ion) as a 
function of amount of biopolymer (gelatin) in a 
5 gelatin-polyurethane composite sponge. 

Figure 3 is a graph of a typical drug (silver ion) 
release rate from a composite of polyurethane - 22% 
gelatin. 

Figure 4 is a perspective view of a preferred 
10 embodiment of a catheter-securing and drug delivery 
device according to the present invention , 

Figure 5 is a side view of the device shown in 
Figure 4 . 

Figure 6 is a perspective view of a catheter-securing 
15 device accommodating a catheter. 

Figure 7 is a plan view of a wound dressing according 
to the present invention. 



DETAILED DESCRIPTION O F THE INVENT J ON 

The polymeric delivery vehicle for controlled release 
2 0 of a bioactive agent according to the present 

invention may be formed by treating a biopolymer with 
a cross-linking agent whereby the cross-linking agent 
is simultaneously polymerized and formed into cross- 
linking moieties with the biopolymers. The preferred 
25 cross-linking agents are polyisocyanate-terminated 
polyurethane or polyurethane urea pre-polyraers which 
are known in the art. If water is used as a solvent 
the reaction of the polyurethane or polyurethane urea 
cross-linking agent via the isocyanate side and/ or 
30 end groups of the cross-linking agent is carbon 
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dioxide which results in a foam material. If non- 
protic solvents are used, a solid (unfoamed) 
polymeric composite will result* A material may be 
cast into films, slabs or molded into desired shapes 



10 



15 



20 



The biopolymers which are to be treated with a cross 
linking agent according to the present invention 
include, but are not limited to proteins, peptides 
and polysaccharides, such as: 

Biopolymer 
Source 



25 



1. Polygalacturonic acid 

2- Hydroxyproply celluose 

3 • Hydroxyethyl celluose 

4 . Heparin 
intestine 

5. Collagen 

6. Gelatin 

7. Carboxymethyl celluose 

8 . Pectin 

9. Algin 

10* Ethyl celluose 

1 1 * Glycosaminoglycan 

12. Chitin 

13 . Other polysaccharides 



Biological 



Citrus peels 

Wood 

Wood 

Porcine 

Animal tendon, 

hide 
Animal hide 
Wood 

Citrus peels 

Kelp 

Wood 

Animal Tissues 
Arthropods 



Preferred biopolymers are gelatin, collagen, and 
polysaccharides, such as modified cellulose, as, for 
example , hydroxyethylcellulose . 



3 0 The thickness of the polymeric matrix may be varied 
as desired, depending upon the desired pharmaceutical 
dosage and duration of delivery. Ordinarily, a 
suitable matrix thickness will be in a range of about 
0.1 to 1.0 centimeters (cm). 

35 The ratio of cross-linking agent to biopolymer will 
depend in part on the particular biopolymer and the 
bioactive agent with which it is intended to be used. 
It will be understood that mixtures of different 
biopolymers may also be utilized. However, 
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generally, it will be useful to employ a weight ratio 
of cross-linking agent to biopolymer of from about 
20:1 to about 1:1. it will be realized that suitable 
polymerization initiators may be utilized to initiate 
5 the polymerization reaction, which include, but are 
not limited to azobisisobutylnitrile, peroxide 
initiators, such as benzoyl peroxide, isopropyl 
peroxide, and the like. Although polyurethane and 
polyurethane ureas are the preferred cross-linking 
10 agents, other cross-linking agents may be suitable, 
such as butylene diacrylate, ethylene dimethacrylate, 
divinyl benzene, ethylene glycoldimethacrylates, 
tetraethylene glycoldimethacrylate , 

methylbisacrylamate, as well as other cross-linking 
15 agents which will cross-link molecules with reactive 
protic groups* 

It will be realized from the teachings herein that 
the degree of cross-linking, thickness and/ or shape 
of the cross-linked biopolymer, and the degree of 

20 porosity (if any) are all parameters which may be 

controlled to attain a desired release profile of the 
bioactive agent from the cross-linked biopolymer. 
Furthermore, the biopolymer may be chemically 
modified to change its binding affinity for a 

25 selected bioactive agent. For example, hydroxyethyl 
cellulose may be partially methylated to reduce the 
number of cross-linking sites and/ or potential 
chelating sites, depending upon whether the cross- 
linking is performed before or after the bioactive 

3 0 agent is impregnated into the biopolymer. 

The shape of the cross-linked biopolymer may be 
formed by molding during cross-linking or, after 
cross-linking, it may be formed into a desired shape 
by casting or cutting* The cross-linked biopolymer 
35 will then be loaded with the desired bioactive 
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agent (s), which is believed to occur by ionic binding involving 
ionic sites on the biopolymer, with the desired bioactive 
agent, which may be antimicrobial drugs or macromolecules such 
as growth factors, antibacterial agents, antispasmodic agents, 
or any other active biological bioactive agent, such as 
adrenergic agents such as ephedrine f desoxyephedrine , 
phenylephrine, epinephrine and the like, cholinergic agents 
such as physostigmine, neostigmine and the likes, antispasmodic 
agents such as atropine, mathantheline, papaverine and the 
like, tranquilizers and muscle relaxants such as f luphenazine , 
chlorpromazine, trif lupromazine , mephenesin, meprobamate and 
the like antidepressants like amitriptyl ine , nortriptyline, and 
the like, antihistamines such as diphenhydramine, 
dimenhydrinat e , tripelennamine , perphenazine , 
chlorprophenazine, chlorprophenpyradimine and the like, 
hyptotensive agents such as rauwolfia, reserpine and the like, 
cardioactive agents such as bendrof lumethiazide , f lumethiazide , 
chlorothiazide, aminotrate, propranolol, nadolol, procainamide 
and the like, angiotensin converting enzyme inhibitors such as 
captopril and enalapril, bronchodialators such as theophylline, 
steroids such as testosterone, prednisolone, and the like, 
antibacterial agents, e.g., sulfonamides such as sulfadiazine, 
sulf amerazine, sulfamethazine, sulf isoxazole and the like, 
antimalarials such as chloroguine and the like, antibiotics 
such as the tetracyclines, nystatin, streptomycin, cephradine 
and other cephalosporins, penicillin, semi -synthetic 
penicillins, griseofulvin and the like, sedatives such as 
chloral hydrate, phenobarbi tal and other barbiturates, 
glutethimide, antitubercular agents such as isoniazid and the 
like, analgesics such as aspirin*, acetaminophen, 
phenylbutazone, propoxyphene, methadone, meperidine 



*Trade-mark 
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and the like, etc. These substances are frequently 
employed either as the free compound or in a salt 
form, e.g., acid addition salts, basic salts like 
alkali metal salts, etc. Other therapeutic agents 
5 having the same or different physiological activity 
can also be employed in the pharmaceutical 
preparations within the scope of the present 
invention* Typically, the bioactive agent dissolved 
in a suitable solvent will be contacted with the 
10 cross-linked biological polymer by immersion. The 
loading of the biopolymer may be readily determined 
based upon the uptake of the biopolymer of the 
bioactive agent. 

In a preferred method for forming the loaded cross- 
15 linked biopolymer, the bioactive agent is dissolved 
in water at a suitable concentration, typically about 
1-2% by weight, and the cross-linked biological 
polymer is immersed therein for a period of about 240 
minutes. At ambient temperature (about 2 0-25°C), the 
20 biopolymer is then extracted from the solvent, 

allowed to air dry or is lyophilized, and is then 
ready for use. 

Alternatively, the cross-linked biopolymer may be 
loaded with the bioactive agent, then dried, then cut 
25 to a suitable form for use. 

In another preferred method, the bioactive agent and 
biopolymer are dissolved in an aqueous solvent before 
cross-linking and the bioactive agent is bound to the 
biopolymer. Typical agent: biopolymer weight ratios 
3 0 are in the range of about 1:100 to 5:100 in solution. 
The biopolymer is then cross-linked by treatment with 
the cross-linking agent. 



su 
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It will be realized that the biopolymer material may 
be modified, for example , so as to be made more 
hydrophilic or hydrophobic to adjust for suitable 
binding properties to the bioactive agent. Such 
5 modification may be performed by, for example, 

esterif ication of acid groups in the biopolymer prior 
to cross -linking, thus making the biopolymer more 
hydrophobic . 

The general reactions for a typical treatment of a 
10 biopolymer having protic groups (-HX) with 
polyisocyanate are shown below in Table 1. 



15 



TABLE 1 

ion of polyisocyanate with acidic group 

0=C=N-R-N=C=0 + -XH 



o 

II 



-X-C-NH-R-NH-C-X- 



X = -C02, -S, -O, -N 



2 0 Polyurethane prepolymer 
OCM**^. ft 

NHC0 





FOAMING : 



25 • RNCO + H 2 0 



O 

il 

RNHCOH 



Poly ether Polyisocyanate 



0 

II 



> RNHCOH Unstable Carbamic Acid 



> RNH 2 + C02t Amine Formation, 

Gas Generation 
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O 



5 



RNH 2 + RNCO 



II 

> RNHCNHR Urea Chain Extension, 

Cross-Linking 
Formation 



Referring to the figures, in Figure 1 there is shown 
a graph of drug release of chlorhexidene gluconate 
from two biopolymers as compared to a contrast 
polymer. The control biopolymer is polyurethane 

10 (PU) . One of the test foams is polyurethane cross- 
linked (10wt.%) collagen and polyurethane cross- 
linked (I0wt.%) hydroxyethyl celluose (HEC) * The 
foams and control were soaked in a 2% solution of 
chlorhexidene gluconate (CHXG) for the same period of 

15 time* To measure the drug efflux from each of the 
biopolymers, each was placed in a large reservoir of 
physiological saline and the bathing medium was 
changed daily to maintain sink conditions. As shown 
in Figure 1, the drug was released quickly and 

2 0 completely from the control foam by the fifth day. A 

more controlled release was achieved in the cross- 
linked hydroxyethyl celluose, with the drug still 
being slowly released after 13 days* Release from 
HEC can extend beyond 13 days, but in that test the 
25 experiment was stopped after 13 days. A more 

extended release profile is shown in the cross-linked 
collagen, with drug release occurring even up to 17 
days, when the experiment was stopped. Moreover, it 
can be seen from the graph that a greater amount of 

3 0 CHXG was released from the two test samples than from 

the control. Although the HEC test was halted after 
13 days, its CHXG release curve was still on an 
upward slope, and it already had released about as 
much CHXG as the control. 

3 5 In Figure 2 there is shown a graph of drug loading, 
where the drug is a silver ion, as a function of the 
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amount of gelatin (biopolymer) in a gelatin- 
polyurethane composite sponge. It can be seen that 
without the biopolymer (0% gelatin) there is 
essentially no binding taking place whereas the drug 
5 binding increases with increasing amount of 
biopolymer present in the composite. 

Referring to Figure 3 there is shown a graph of a 
chemical drug release rate (of silver ion) from a 
composite of polyurethane - 22% gelatin. It can be 
10 seen that there is a surge of drug release during the 
first day, then in the second day, continuing to the 
tenth day (the end of the particular test) there is a 
relatively constant rate of release of the drug from 
the composite. 



15 Referring to Figure 4 , there is shown a preferred 
embodiment of the present invention in a catheter- 
securing and drug delivery device. The device 
comprises a reinforced, flexible, water vapor 
permeable membrane 10, a portion of which is upturned 

20 as a flap 11. Membrane 10 may be made of any water 
vapor permeable synthetic polymer such as a 
polyurethane or polyester reinforced with thread. At 
least the edges of the bottom surface of membrane 10 
(including flap 11) are coated with an adhesive (not 

25 shown) . Alternatively, the entire bottom surface of 
membrane 10 (including flap 11) may be coated with an 
adhesive. On the bottom surface of the membrane 10, 
about centrally located thereunder, is affixed an 
elastomeric pad 16. The elastomeric pad 16 will be a 

30 cross-linked, biological polymer loaded with a 

bioactive agent modified according to the present 
invention. Preferably, the biopolymer comprises a 
cross-linked hydroxyethyl cellulose and the bioactive 
agent is an antimicrobial agent such as chlorhexidene 

3 5 gluconate. Both the membrane 10 and the pad 16 are 
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adapted with slit 18, with the slit in pad 16 being 
collinear with the slit in the membrane 10. Both 
slits terminate at a point 19 located proximate to 
the center of the pad 16. At point 19 the pad 16 and 
5 membrane 10 will surround a catheter (not shown) 
whereby the membrane 10 and pad 16 serve as a 
catheter fixing device. The pad 16 additionally 
serves as a drug delivery component for delivering 
antimicrobial agents or other agents to the wound 
10 caused by the catheter. Thus, pad 16 may be used 

without membrane 10, in an alternative embodiment, in 
which case at least the edges of the bottom surface 
of pad 16 will be coated, impregnated, or otherwise 
adapted with an adhesive material. 

15 Returning to FIG. 4, on the upper surface of the 

membrane 10 and adjacent to the central point 19 is 
shown an optional pillow 17 which, may also be made 
of a cross-linked biological polymer loaded with an 
antimicrobial agent according to the present 

20 invention. The purpose of the pillow 17 is for 
receiving and supporting the side of the catheter 
(not shown) , since catheters may extend from the skin 
surface at an oblique angle. The extension of the 
catheter from the skin may be rested upon the pillow 

25 17. Adjacent to the slit 18 is flap 14 which may be 
made of the same reinforced, flexible, water vapor 
permeable material as membrane 10 and is affixed to 
membrane 10. The flap 14 is shown in an open 
position, therefore the reinforced, flexible, water 

30 vapor permeable membrane is on the underside and not 
seen in the figure. The flap 14 is coated with an 
adhesive (not shown) and the adhesive is protected by 
a removable protecting layer (such as, paper or 
plastic) 15. Once the catheter is in place at 

3 5 central port 19 the flap 14 is folded over the 

catheter and, by removal of layer 15, the flap 14 is 
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adhesively attached over a portion of the slit 18, 
the pillow 17, a portion of the catheter (not shown) 
as well as over a portion of the upper surface of the 
membrane 10. This serves not only to affix the 
5 catheter but also to maintain the slit 18 in a closed 
position. 

In an alternative embodiment, still referring to 
FIG. 4, the device may be used as a wound dressing 
for use with percutaneous catheters without the 
10 catheter-securing feature of flap 14 (and protecting 
layer 15) by assembling the device without these 
items. Without flap 14, the pillow 17 may also be 
optionally deleted. 



Before use, the bottom adhesively coated surfaces of 
15 membrane 10 (including flap 11) are protected, as 

shown, by three removable layers 12, 13a r 13b (made, 
for example, of paper or plastic) . First, layer 12 
is removed and the catheter is pulled through slit 18 
until it is engaged at central point 19. The 
2 0 adhesive portion of flap 11 is then secured to the 
skin. Then layers 13a and 13b are removed and the 
remainder of the membrane 10 is secured to the skin. 
Finally, the catheter is securely placed onto pillow 
17 (if present) and flap 14 is folded over, and, 
2 5 after removal of layer 15, flap 14 is secured over 
the catheter and membrane 10. 



A particular advantage of the device shown in 
Figure 4 is that it is light, easily used and 
disposable, as opposed to other catheter-securing 
30 devices which accommodate complex mechanical parts, 

some of which must be sterilized for re-use. Another 
advantage of the device shown in Figure 4 , 
particularly when used in conjunction with the cross- 
linked biopolymer according to the present invention, 
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is that it can administer at the wound site of the 
catheter not only an antimicrobial agent, but also 
growth factors or other desirable bioactive agents 
which would assist not only in combating infection, 
5 but also in healing of the wound. If desired, an 
immune-modulating factor may also be incorporated 
into the device for those patients who may have 
allergic reaction to the bioactive agent. 



Referring to Figure 5 there is shown a side view of 
10 the device shown in Figure 4, As can be seen in 

Figure 5, the removable layer 13a (as well as 13B) is 
actually folded over onto itself so that when it is 
pulled in a downward direction (as shown in Figure 5) 
it can be pulled away without changing the 
15 positioning of the device. 

Referring to Figure 6 there is shown the device of 
Figure 4 accommodating a catheter 2 0 which has been 
inserted into central point 19 by slipping through 
slit 18. 



2 0 Referring to Figure 7 there is shown a wound dressing 
comprising a flexible moisture permeable membrane 3 0 
having an adhesive surface protected by a removable 
layer 31, a portion 32 of which extends beyond the 
membrane 30 for convenience. Approximately centrally 

25 located on the underside of membrane 3 0 is an 

elastomer ic pad 3 3 made of a material according to 
the present invention (preferably, a biopolymer- 
polyurethane containing an antimicrobial agent) which 
is to be placed in direct contact with the wound. 

30 This dressing may also be utilized as a drug delivery 
device, particularly to deliver antimicrobial agents 
and wound-healing agents. An immune-modulating 
factor may also be used if the patient exhibits an 
allergic reaction to the antimicrobial agent. 
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The following examples are presented for the purpose 

of illustration and are not intended to limit the 
invention in any way. 



EXAMPLE 1 

5 To a 2.5% (w/v) solution of hydroxyethylcellulose is 
added (1:1 weight ratio) anhydrous polyisocyanate- 
terminated urethane pre-polymer. The mixed composite 
is placed in an open vessel, and cured for about 30 
minutes at R.T. to form a "bun" . The bun is cut into 
10 a desired shape and placed in a 2.5% (v/v) solution 
of 22% chlorhexidine Gluconate (adjusted at pH 8.0 
with ammonium hydroxide. After incubation for 4 
hours, the sponge is removed, frozen and lyophilized. 

EXAMPLE 2 

15 In an aqueous solution of gelatin (120 g/100 ml 

water) , adjusted to pH 7.6, is added silver nitrate 
to the desired silver ion concentration, and the 
mixture is stirred for at least 4 hours in a brown 
glass bottle. The pH is adjusted to 7.2 and stirring 

20 is continued for 2 hours. The 36 parts of anhydrous 
polyisocyanate-terminated urethane prepolymer is 
added per 64 parts of the gelatin-silver solution. 
The mixture is placed in an open vessel and allowed 
to cure for 30-45 minutes at R.T. to form a bun. The 

25 bun is cut into desired shapes and washed in 
deionized water. 



The foregoing description and examples have been set 
forth merely to illustrate the invention and are not 
intended to be limiting. Since modifications of the 
3 0 described embodiments incorporating the spirit and 
substance of the invention may occur to persons 
skilled in the art, the scope of the invention is to 
be limited solely with respect to the appended claims 
and equivalents . 
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WHAT IS CLAIMED IS: 

1. A method for preparing a polymeric delivery 
vehicle for controlled-release of a bioactive agent 
comprising the steps of 

treating with a cross-linking agent a 
biopolymer containing chemically reactive 
functionalities which react with said cross-linking 
reagent, said cross-linking agent selected from the 
group consisting of polyurethanes and polyurethane 
ureas having isocyanate side groups and/ or end 
groups, to form a cross-linked biopolymer having an 
effective binding affinity for said bioactive agent; 

optionally, forming said cross-linked 
biopolymer into a desired shape; 

contacting said cross-linked biopolymer with 
said bioactive agent under conditions sufficient to 
reversibly bind at least a portion of said bioactive 
agent to said cross-linked biopolymer to form said 
polymeric delivery vehicle. 

2. A method for preparing a polymeric delivery 
vehicle for controlled-release of a bioactive agent 
comprising the steps of 

contacting a biopolymer containing chemically 
reactive functionalities which react with a cross- 
25 linking agent with a bioactive agent under conditions 
sufficient to reversibly bind at least a portion of 
said bioactive agent to said biopolymer; 

optionally, forming said biopolymer into a 
desired shape; and 

30 treating said biopolymer with a cross-linking 

agent selected from the group consisting of 
polyurethanes and polyurethane ureas having 
isocyanate side groups and/ or end groups, to form 
said polymeric delivery vehicle. 



SUBSTITUTE SHEET 



PCT/US91/04095 

-17- 

20 85 2 5 5 



10 



15 



WO 91/19470 20 8 5 2 5 5 per/ US9 1/0409^ 

-18- 

3- A method according to Claim 1 or 2 wherein said 
step of cross-linking said biopolymer is conducted in 
the presence of a protic solvent whereby a gaseous 
side product is evolved, whereby said cross-linked 
5 biopolymer is formed as a foam. 

4. A method according to Claim 1 or 2 wherein said 
step of cross-linking is conducted in the presence of 
a nonprotic solvent whereby said cross-linked 
biopolymer is formed as an essentially non-porous 
10 solid. 



5- A method according to Claim 1 or 2 wherein said 
step of forming said cross-linked biopolymer into a 
desired shape is performed by casting said cross- 
linked biopolymer as a film in a suitable solvent and 
15 evaporating said solvent. 

6. A method according to Claim 1 or 2 wherein said 
step of forming said cross-linked biopolymer into a 
desired shape is performed by molding. 

7. A method according to Claim 1 or 2 wherein said 
2 0 cross-linked biopolymer is contacted with a solution 

comprising said bioactive agent. 

8. A method according to Claim 1 or 2 wherein said 
biopolymer is selected from the group consisting of 
gelatin, collagen, and polysaccharides. 

25 9* A method according to Claim 1 or 2 wherein said 
bioactive agent comprises chlorhexidine. 

10. A method according to Claim 8 wherein said 
polysaccharide is a modified cellulose or 
glycosaminoglycan . 
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11. A method according to Claim 1 or 2 wherein said 
biopolymer is selected from the group consisting of a 
protein and/ or peptide. 

12. A method according to Claim 11 wherein said 

5 biopolymer further comprises silver ions chelated to 
said protein and/or peptide. 



13 . A method according to Claim 1 or 2 wherein said 
biopolymer is chemically modified to tailor its 
binding affinity for said bioactive agent to a 

10 desired control release profile. 

14. A method according to Claim 1 or 2 wherein said 
bioactive agent is an anti-microbial agent. 

15* A method according to Claim 1 or 2 wherein said 
bioactive agent is a pharmacological drug. 

15 16, A method according to Claim 1 or 2 wherein said 
bioactive agent is a growth factor. 

17. A percutaneous catheter wound dressing and 
drug-delivery device comprising 

an elastomeric pad having a first radial slit 

20 extending from the edge of said pad to a central 

point proximate to the center of said pad, said pad 
comprising a cross-linked biopolymer and at least one 
bioactive agent reversibly bound to said cross-linked 
biopolymer, said bioactive agent being releasable 

25 from said cross-linked biopolymer in a controlled 

manner to a wound or to skin when said pad is placed 
in contact with said wound or skin. 



18. A device according to Claim 17 further 
comprising a reinforced, flexible, water-vapor 
30 permeable membrane adhesively attached to said pad, 
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said membrane extending beyond the edge of said pad 
on all sides thereof, thereby forming a flange 
surrounding said pad; at least the edges of the 
exposed bottom surface of said membrane being coated 
with an adhesive material for affixing to the skin; 
said membrane having a second radial slit extending 
from the edge of said membrane through said membrane 
toward said central point of said pad, said second 
slit being colinearally aligned with said first slit 
in said pad. 

19. A device according to Claim 18 further 
comprising a reinforced, flexible, water-vapor 
permeable tab affixed to the upper surface of said 
membrane, said tab located proximate to one side of 
said pad having an adhesively coated surface, said 
tab having dimensions sufficient to cover said pad 
when said tab is folded for adhesive attachment to 
the upper surface of said pad. 

20. A device according to Claim 19 further 
comprising a cushion means located adjacent to said 
central point on said upper surface of said pad and 
affixed to said pad, said cushion means comprising 
said cross-linked biopolymer and containing said 
bioactive agent, said cushion means serving to fill 
the space formed between said pad and a catheter 
inserted through said central point when said tab is 
folded in adhesive contact with said pad and said 
catheter . 

21. A device according to Claim 18 further 
comprising removable pull tabs protecting the exposed 
adhesive material on said membrane. 

22. A device according to Claim 19 further 
comprising a removable pull tab protecting the 
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exposed adhesive surface of said tab affixed to the 
upper surface of said membrane. 

23. A device according to claim 18 wherein the 
entire bottom surface of said membrane is coated with 

5 said adhesive material. 

24. A device according to Claim 18, 19 or 2 0 
wherein said biopolymer is selected from the group 
consisting of gelatin, collagen, and polysaccharides. 

25. A device according to Claim 18, 19 or 20 

10 wherein said bioactive agent comprises chlorhexidine. 

26. A device according to Claim 18, 19 or 20 
wherein said biopolymer comprises a modified 
cellulose or glycosaminoglycan. 

27. A device according to Claim 18, 19 or 20 

15 wherein said biopolymer is selected from the group 
consisting of a protein and/or a peptide, 

28. A device according to Claim 18, 19 or 2 0 
wherein said biopolymer is chemically modified to 
tailor its binding affinity for said bioactive agent 

2 0 to a desired control release profile. 

29* A device according to Claim 18, 19 or 2 0 
wherein said bioactive agent is an anti-microbial 
agent . 

30. A device according to Claim 18, 19 or 2 0 

25 wherein said bioactive agent is a pharmacological 
drug. 

31. A device according to Claim 18, 19 or 20 
wherein said bioactive agent is a growth factor. 
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32. A wound dressing and drug-delivery device for 
control led-release of a bioactive agent comprising a 
cross-linked biopolymer and a bioactive agent 
reversibly bound thereto. 



5 33. A wound dressing according to Claim 32 wherein 
said biopolymer comprises collagen or gelatin and 
said bioactive agent comprises silver ions. 

34. A wound dressing according to Claim 32 further 
comprising a flexible water vapor permeable film 

10 containing an adhesive skin contacting surface for 
affixing said wound dressing to the skin. 

35. A wound dressing according to Claim 3 2 wherein 
said bioactive agent comprises a peptide and/ or 
protein. 

15 36. A wound dressing according to Claim 35 wherein 
said protein is a growth factor. 

37. A wound dressing according to Claim 32 wherein 
said bioactive agent comprises an immune-modulating 
factor. 
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FIG. 4. 
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fig. e. 
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